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Abstract 
Nowadays, structural controlling systems, and specially passive and semi-active systems are very interested in 
structural design and retrofit. Added Damping and Stiffness devices are the most popular metallic energy dissipation 
devices, and are used in most projects. These devices can sustain a large amount of earthquake input energy with a 
good predictable performance. These devices should have certain relative displacement to start energy dissipating. So 
in minor earthquakes with short displacements they do not dissipate energy and in moderate earthquakes may have a 
little energy dissipation. But in severe earthquakes they have their best performance and dissipate a very reliable, 
large amount of energy. To have a better performance in moderate earthquakes and small displacements, the idea of 
modified - TADAS device with a new viewpoint of passive energy dissipation devices introduced. This device uses 
various number of TADAS steel plates in different displacements and earthquake levels, and it shows that in 
moderate earthquakes there is not any major damage in primary members but some TADAS steel plates become 
plastic to dissipate energy. This device has a simple construction procedure as other TADAS devices. Modified – 
TADAS device would be a low price system, better performance and have particular characteristics of metallic 
yielding dampers. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Using inelastic deformation of metals is a useful strategy to dissipate input energy to structures due to 
earthquakes. In traditional structures this inelastic deformation is generally concentrated in Beam-Column 
Joints and thus is associated with damage to the primary structural elements. Kelly et al. (1972) has done 
the first conceptual and experimental work of utilizing metallic energy dissipation devices to absorb a 
considerable amount of input energy due to earthquakes. 
The objective of introducing Added Damping and Stiffness (ADAS) devices and the supporting 
braces in a building is to add the lateral stiffness to reduce story drifts during the low level earthquake. It 
can also enhance the overall energy dissipating performance of the structural system thereby reducing the 
ductility demand on the beam-column connections during a severe earthquake (Tsai et al. 1993). 
2. Added Damping and Stiffness Device Characteristics 
Use of metallic passive energy dissipation devices, concentrate energy dissipation at locations that 
have been designed for this purpose, so substantially reduce energy dissipation demand on other structural 
members. Yielding of the device will not affect the gravity load service capacity of the structural system, 
because the devices are part of the lateral load resisting system only, can be easily replaced after an 
earthquake if necessary. 
Some other particularly desirable features of these devices are their stable hysteretic behavior, low-
cycle fatigue property, long term reliability, and relative insensitivity to environmental temperature 
(Soong and Spencer 2002). 
The tests of ADAS devices and frames with ADAS elements showed that the ADAS devices are very 
reliable energy dissipaters that exhibit stable hysteretic behavior for displacement amplitudes as large as 
14 times the device yield displacement, ǻy, and are well suited for use in building structures situated in 
high seismic risk zones (Whittaker et al.1989). The tests at the University of California at Berkeley found 
that in the displacement range of 6ǻy or less, the ADAS device hysteretic behavior is dependent only on 
the yield force, Py, and the yield displacement, ǻy, and can sustain an extremely large number of yielding 
reversals about more than 100 cycles in the tests (Xia and Hanson 1992). Results of some tests on some 
TADAS devices show the rotational capacity of a typical TADAS device tested is generally larger than 
±0.25 radian under cyclically increased loads. It also shows elastic stiffness is very predictable by 
considering flexural deformation only (Tsai et al. 1993). To optimize the device energy dissipation 
effectiveness, it is desirable to have a small device yield displacement. However, the device yield 
displacement should be large enough to limit excessive device ductility for severe earthquake ground 
motions.  
TADAS is more suitable than ADAS device because of more predictable and better performance. 
When TADAS device properly combined with the braces in a frame, the TADAS device can be 
proportioned to provide not only additional frame lateral stiffness but also hysteretic damping when 
specific frame response is exceeded (Tsai et al. 1993). 
A problem with metallic yield devices is they don’t dissipate energy in small displacements and 
moderate earthquakes. In moderate earthquakes some of primary structural members have inelastic 
deformations and some structural damage occurs that can be repaired and global failures cannot occur. 
The non-structural elements are partially damaged. Structural damage is generally presented by local 
buckling of steel elements or connections component damage but without loose of the capacity to carry 
the gravitational loads. Moderate earthquakes occur more frequently than major earthquakes. Nonetheless, 
moderate earthquakes can cause serious damage to building contents and non-structural building systems. 
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3. Modified - TADAS Characteristics 
To have better performance of common TADAS devices, a Modified - TADAS device with two 
performance levels, introduces by the authors and explain in this paper.  
It has been suggested, the first set of TADAS steel plates start working at a certain displacement, 
whereas the second set of steel plates are still elastic or not affected (Figure 1). 
Changing gap sizes for 2nd steel plate series make device have smaller elastic stiffness and smaller 
yield force. Thus the device yields with smaller displacement than common TADAS devices and dissipate 
energy in moderate earthquakes (Figure 2). In moderate earthquakes, the device has good energy 
dissipation through small displacements, the structural safety increase and also adds hysteretic damping 
as mentioned in section 2. 
After a certain displacement in severe earthquakes, the second set of TADAS steel plates start 
working and increase TADAS device mechanical properties, and totally energy dissipation capability. In 
this step the device work like common TADAS devices, till the cyclic load reversed. In the start of the 
reversed loading with small displacements, the first set of TADAS steel plates work and after a certain 
displacement the second set of steel plates add to the device and so on. The second set of steel plates have 
shorter displacements than common devices and cause better energy dissipation as discussed in section 2. 
      
Figure1: Modified-TADAS Configuration        Figure2: A Modified-TADAS, F – ǻ Curve 
3.1. Modified - TADAS Finite Element Modeling 
Finite element model was first verified with Tsai et al. TADAS 2B2 device tested in 1993. Material 
properties used in ABAQUS are in table 1. There are some differences between test data and model 
verification, because of lack of knowledge about the exact material plastic properties and program 
limitations. 
Table 1: Material Properties 
ELASTIC 
PROPERTY 
E(Mpa) 200,000 
Fy(Mpa) 235 
Q 0.3 
PLASTIC 
PROPERTY 
C1(Mpa) 800 
J1 15 
C1(Mpa) 1200 
 J1 15 
 Q(Mpa) 70 
 b 15 
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3.2. Modified - TADAS Finite Element Modeling 
To study the performance of the Modified – TADAS devices, they are analyzed by cyclic 
displacement loading offered by ATC-24. Three configurations of Modified-TADAS devices analyzed 
with different number of 1st set and 2nd set of steel plates (D2 to D4) and compared with common 
TADAS device (D1) results. Table 2 shows the number of each set of steel plates. As discussed in section 
2, the gap size of the 2nd set of steel plates assumed to be less than 6 times of ¨y, equals 10mm for 
Modified-TADAS devices. 
Table 2: Number of each series of plates 
Energy 
Dissipation 
Device 
Number of the 
1st Set of Steel 
Plates 
Number of the 
2nd Set of Steel 
Plates  
Total Number of 
Plates 
D1 8 0 8 
D2 4 4 8 
D3 6 2 8 
D4 4 6 10 
3.3. Modified - TADAS Modeling in a Frame 
To study the effects of the Modified – TADAS device, they are modeled in a 2-story 2D frame with 
SAP2000. The frame specifications are from a frame was tested by Tsai et al. in 1993 to study the effects 
of the common TADAS device, except bracing sections assumed to be fully elastic. To model TADAS 
and Modified - TADAS energy dissipation devices, the multi-linear results of cyclic displacement loading 
of devices, are defined as a 2-joint shear link with nonlinear behavior. 50kg/cm dead load assigned to the 
beams at each story level. A rigid diaphragm connects all joints in each story level. 
Nonlinear Direct Integration Time History Analysis performed, with the first 5 second of El Centro 
acceleration record. Analysis done with maximum PGA of 0.10g, 0.20g, 0.30g, 0.50g and 0.70g. 
Damping ratio assumed to be 0.05 in all modes. 
4. Analysis Results 
4.1. Energy Dissipation Devices Performance (V – ǻ Curve) 
All Energy Dissipation Devices are in elastic range in PGA= 0.10g. D2 and D4 have a considerable 
energy dissipation in PGA= 0.20g and 0.30g (figure 3), whereas common TADAS device (D1) is still in 
elastic range. In PGA= 0.50g and 0.70g, All Energy Dissipation Devices are dissipating energy. 
Modified – TADAS devices dissipate energy in short displacements with shorter shear force too, rather 
than common TADAS device (D1), so they have more inelastic cycles than common TADAS device (D1). 
Therefore Modified – TADAS devices dissipate a considerable amount of energy and it could be more 
than common TADAS device energy dissipation (Figure 4 & 5). 
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Figure 3: Energy Dissipation Devices V – ǻ Curve in PGA= 0.30g 
  
  
Figure 4: Energy Dissipation Devices V – ǻ Curve in PGA= 0.50g 
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Figure 5: Energy Dissipation Devices V – ǻ Curve in PGA= 0.70g 
4.2. Base Shear Force 
As seen in table 3, maximum base shear force in a frame with Modified – TADAS device is about 
25% reduced in earthquakes with PGA less than about 0.50g. Increasing PGA, makes shear force grows 
up. In PGA=0.70g it is 6% more than the shear force of a frame with common TADAS device (D1). 
Table 3: Maximum Shear force (ton) 
PGA D1 D2 D3 D4 
0.10g 11.37 11.34 8.65 9.55 
0.20g 22.73 21.45 17.30 18.45 
0.30g 34.10 26.38 25.94 29.00 
0.50g 47.17 54.53 37.00 48.18 
0.70g 53.37 58.56 56.69 58.98 
4.3. Maximum Internal Forces of Frame Components 
To compare Maximum Internal forces of Frame Components, a same column and a beam selected in 
all frames. Table 4 shows that Mmax and Vmax of column are reduced 6% ~ 8% due to use of Modified-
TADAS devices in earthquakes with PGA less than about 0.30g. In PGA more than 0.50g, Mmax and 
Vmax of column, have a little different in frames with different energy dissipation devices. Pmax is 
2794  HESSAM SHAMSHIRI DAREINI and BEHROKH HOSSEINI HASHEMI / Procedia Engineering 14 (2011) 2788–2795
reduced about 5% to more than 10% in frames with Modified – TADAS devices. It is considerable that 
Pmax reduction, increases in higher PGA. 
In table 5, Mmax and Vmax of beam are reduced 3% ~ 9%, using up Modified-TADAS devices in 
earthquakes with PGA less than about 0.50g. In PGA 0.70g, Mmax and Vmax of beam, have a negligible 
difference in frames with different energy dissipation devices. 
Table 4: Maximum Internal Force in Selected Column (t-m) 
PGA FORCE D1 D2 D3 D4 
0.10g Mmax 3.96 5.13 3.72 4.44 
 Vmax -1.46 -1.89 -1.37 -1.64 
 Pmax -26.85 -27.32 -25.54 -26.27 
0.20g Mmax 6.16 8.65 5.70 7.40 
 Vmax -2.27 -3.19 -2.10 -2.73 
 Pmax -32.95 -33.68 -30.33 -31.55 
0.30g Mmax 8.37 12.37 7.67 11.80 
 Vmax -3.09 -4.56 -2.83 -4.35 
 Pmax -39.06 -36.55 -35.12 -36.85 
0.50g Mmax 14.29 19.98 14.09 16.26 
 Vmax -5.27 -7.37 -5.20 -6.00 
 Pmax -49.13 -55.80 -42.81 -47.65 
0.70g Mmax 21.66 21.86 21.98 18.2 
 Vmax -7.99 -8.07 -8.11 6.72 
 Pmax -56.76 -60.44 -52.15 -53.55 
 
Table 5: Maximum Internal Force in Selected Beam (t-m) 
PGA FORCE D1 D2 D3 D4 
0.10g Mmax -9.64 -10.99 -9.28 -10.11 
 Vmax -12.30 -12.91 -11.94 -12.38 
0.20g Mmax -12.67 -15.3 -11.95 -13.63 
 Vmax -14.5 -15.6 -13.78 -14.62 
0.30g Mmax -15.71 -17.84 -14.61 -17.82 
 Vmax -16.70 -17.03 -15.62 -17.22 
0.50g Mmax -21.4 -30.79 -19.40 -24.68 
 Vmax -20.15 -25.1 -18.46 -21.77 
0.70g Mmax -26.70 -31.16 -27.31 -28.52 
 Vmax -22.91 -25.76 -23.37 -24.35 
4.4. Maximum Story Displacement and Inter Story Displacement 
Maximum roof displacement is reduced more than 10%, in frame with Modified – TADAS in PGA 
less than 0.50g, But in PGA= 0.70g, maximum roof displacement is a little more. (Table 6) 
Inter story displacement of the 2nd story, in a frame with Modified –TADAS devices have more than 
10% reduction than a frame with common TADAS device (D1). (Table 7) 
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Table 6: Maximum Roof Displacement (mm)     
PGA D1 D2 D3 D4 
0.10g 3.26 4.92 2.92 3.91 
0.20g 6.52 9.86 5.85 7.95 
0.30g 9.79 13.07 8.77 12.89 
0.50g 16.54 27.37 14.71 20.33 
0.70g 23.31 32.7 24.08 24.34 
Table 7: Inter story displacement of the 2nd story (mm)     
PGA D1 D2 D3 D4 
0.10g 1.10 1.61 0.98 1.28 
0.20g 2.17 3.32 1.95 2.63 
0.30g 2.19 3.18 1.96 2.52 
0.50g 4.33 6.68 3.89 5.43 
0.70g 3.30 3.68 2.93 3.72 
5. Conclusion 
The results show that Modified – TADAS device have a better effects and performance than common 
TADAS devices on frame responses. The goal of this research was first to make TADAS devices start 
energy dissipation in moderate earthquakes and short displacements moreover that they work as common 
TADAS device in severe earthquakes. Further desirable results of using the Modified – TADAS are 
reducing base shear force, Maximum story displacement and inter story displacement, Maximum internal 
forces of frame components. 
Some undesirable effects of Modified – TADAS devices are because that they aren’t particularly 
designed for the test frame and just seem to be suitable. 
The future research on this element would be study on the gap size, number of each set of steel plates 
and using steel plates with different dimensions to have a superior Modified – TADAS. 
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